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THE RELATIONSHIP BETWEEN SKIN HYDRATION AND THE
SUPPRESSION OF SWEATING*
WALTER C. RANDALL, PH.D. AND CLARENCE N. PEISS, Pss.D.t
Immersion of the skin in water results in a characteristic whitening and wrin-
kled appearance associated with the uptake of significant quantities of water.
In relatively short exposures, the uptake appears to be predominantly a process
of hydration of the stratum eorneum (1). The process of water uptake by the
skin has been studied carefully by Buettner (2) who has evidence that following
a short period of rapid uptake associated with eorneal hydration, there occurs a
slow constant rate of water transfer through the skin into the body (3). The pres-
ent report deals entirely with acute, short term exposures not exceeding one
hour in duration. Both the alterations in physical appearance and the uptake of
water are greater in palmar and plantnr surfaces than on other skin areas, and
seem to be related to the amount of cornifleation present. The rate of evapora-
tion from hydrated skin surfaces is considerably in excess of that from non-hy-
drated areas. Moreover, Rothman and Felseher (4) have shown that thicker
layers of stratum eorneum have higher rates of insensible water loss. In addition
to these physical alterations in the skin, prolonged immersion suppresses sweat-
ing on the palm and sole (1). The present studies extend our observations on the
phenomena of sweat suppression induced by hydration.
RESULTS
Sweating responses were recorded by the iodine-starch-paper method (5) be-
fore and after immersion of the hand or finger in various aqueous solutions.
Figure 1 illustrates both the suppression of sweating and a time course for the
recovery of normal sweating. Control responses were recorded on both the second
(LD2) and third (LD3) distal phalanx pads while a standard stimulus, usually
deep breathing or startle, was employed to elicit palmar sweating. LD2 was then
immersed in water at skin temperature for 30 minutes, LD3 remaining in air as
a control. Following immersion the finger was carefully dried, repainted with
iodine, and sweating responses recorded at one minute intervals. Only repre-
sentative sweat prints are shown in the figure. It is clearly evident that sweating
was completely suppressed on the immersed pad and that recovery was not com-
plete in this subject even after 100 minutes. The appearance of a few sweat
spots after three minutes, with gradual increase in number of spots with time,
indicates the process is reversible. In a number of such experiments it has been
demonstrated that in spite of complete suppression of sweating immediately I ol-
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Fio. 1. The time course of sweat suppression induced by immersion of the distal phalanx
of the second finger of the left hand (LD2) in water at 32—33°C., for 30 minutes. Sweat prints
were simultaneously recorded from the distal phalanx of the third finger, left hand (LD3)
as controls.
lowing hydration, insensible water losses are initially elevated and subsequently
decline as sweating gradually reappears.
A series of experiments was devised in which the effects of six different bath
temperatures on sweat suppression could be tested simultaneously. Beakers were
prepared in which water temperatures were maintained constant at 5, 15, 25,
LD3- CONTROL, NON-HYDRATED
LD2- HYDRATED 30" IN WATER
LD3 LD2 LD3
*p -:
!r &t:tc
:
PRE-HYDRATI
CONTROLS
TIME AFTER
HYDRATION
I.
3.
1
'0$
tT1
25"
35.
55.
75,
90$
100"
•t .;c? :.. k!: a
;%z:
.
...•
, ;
FIG. 2. The influence of immersion bath temperature on sweat suppression. Records
were made at one minute intervals after immersion in water at the temperatures indicated
at the top of the figure. Representative records were selected to illostrate the temperature
effect.
FIG. 3. Response-Intensity Chart for qualitative comparison of palmar sweat discharge.
The authors are indebted to Dr. P. Bramante, Department of Physiology, St. Louis Uni-
versity for suggesting this method.
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30, 35, and 40°C., and one finger was then immersed in each of the beakers. The
index finger of each hand remained exposed to room air to serve as control for
each experiment. The six fingers were immersed continuously for 30 minutes, the
degree of sweat suppression observed and compared, and recovery of sweating
followed as in figure 1. Sixteen experiments were carried out on nine different
subjects with some variation in intensity and duration of suppression evident be-
tween subjects. Figure 2 illustrates a typical experiment. Sweating comparable
to that on controls continued on fingers in water at 5°C. while marked sup-
pression occurred at 25°C. and above. Slight suppression was observed at 15°C.
Variability in duration of sweat suppression due to hydration is illustrated by
comparison of figures 1 and 2. In one subject, suppression was only minimal
even on the fingers immersed in water at 40°C. There is some evidence that such
variations may be related to the extent of palmar cornification. Seasonal altera-
tions in cutaneous hydration may also play a role.
In order to better evaluate and compare sweat suppression under varying cir-
cumstances, the intensity of sweating was plotted against time. To accomplish
this, varying degrees of sweating were expressed in an arbitrary system of +1,
FIG. 4. Time course of development of and recovery from sweat suppression induced
by immersion in water at the indicated temperatures. Maximum suppression is indicated
by zero intensity.
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+2, etc. Figure 3 shows the "response-intensity" chart which was constructed
from actual sweat responses. Immediately following each experiment the sweat
prints were compared with this chart, and the most appropriate numerical value
assigned.
Figure 4 illustrates a more complete relationship between immersion bath
temperature and amount of sweat suppression. In this experiment the fingers
were removed from the water bath at 5 minute intervals, wiped dry, and sweat
prints recorded. Each finger was then returned to its respective water bath until
an additional 4 minute hydration period had elapsed. These experiments re-
vealed the time-course as well as the amount of suppression at each of the bath
temperatures. It is evident that suppression appeared much earlier and per-
Fie. 5. Sweating responses of different fingers simultaneously immersed in water and
various NaC1 solutions at 40°C.
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sisted longer on those finger pads hydrated in warm water. Again, only moderate
suppression occurred in cold water, it developed more slowly, and recovery oc-
curred more promptly.
In an earlier report (1) brief mention was made of an inverse relationship which
appeared to exist between saline concentration of immersion solution and degree
of sweat suppression. Figure 5 shows a detailed comparison of sweating responses
elicited from finger pads immersed in different NaC1 solutions. Again, it is evi-
dent that sweating is suppressed in inverse proportion to the NaC1 concentra-
tion. Thus, 1 % saline solutions induce suppression comparable to that induced
by water. Immersion in 3 % solutions of NaC1 results in less complete suppres-
sion. In some subjects, 7 % NaC1 produced moderate to marked suppression
while in others it did not. In very few subjects did 10% solutions produce sup
pression, while 20% NaC1 frequently accentuated sweating.
Exposure of fingers to the same salt solutions as described in figure 5 but at
different temperatures failed to alter significantly the skin responses except for
the direct influence of temperature itself. Thus, 1, 3 and 7 % solutions suppressed
sweating in a graded fashion while 10, and 20 % solutions failed to suppress. Al-
though the various salt solutions are marked by higher vapor pressures at higher
temperatures, immersion of the fingers in warm solutions tended to raise the
vapor pressure of the skin as well. Thus, the resulting vapor pressure gradients
from skin to solution probably remained relatively constant.
Discussion
The observations reported here strengthen our contention that during hydra-
tion, water is temporarily stored in the outer layers of the epidermis. This in
turn increases the vapor pressure of the skin and results in more rapid evapora-
tion. It is our opinion that coincident suppression of sweating is related to poral
closure by the mechanical swelling of hydrophylic colloid (keratin) surrounding
the poral orifice. O'Brien (6, 7) has described a "keratin ring" in the walls of the
most superficial convolutions of the sweat duct and its poral opening onto the
skin surface. This architectural arrangement of the duct and pore has been care-
fully studied by other investigators (8, 9, 10).
Such swelling of the horny keratin material in palmar and plantar skin was
suggested several years ago by Rothman (11). There is some similarity between
the phenomenon of sweat suppression during immersion with that occurring in
the sweat retention syndrome (12). In many instances, the decisive factor in re-
tention is the formation of a keratin plug at the poral orifice (13). Perhaps very
prolonged hydration as induced in our experiments would produce similar archi-
tectural changes, but thus far recovery of normal sweating responses has fol-
lowed promptly upon exposure of the hydrated surface to room air.
SUMMARY AND CONCLUSION
Coincident with the wrinkled and whitened appearance of palmar skin im-
mersed in water or dilute saline solution, sweating is suppressed. This suppres-
sion is most intense when the immersion water is warm (2.5 to 40°C) and does
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not occur or is much less intense, when the water is cold (5 to 15°C). Graded
sweat suppression occurs following immersion of the palm in dilute saline solu-
tions (1 to 7 % NaCl) but does not occur in concentrated solutions (10 to 20%
NaCl).
The architectural arrangement of keratin around the poral orifice of the sweat
duct, together with its hydrophilic properties, suggest that the degree of sweat
suppression is related to the uptake of water by keratin. This results in swelling
of the keratin ring and mechanical occlusion of the s\veat duct. When re-exposed
to an environment with a relatively lower vapor pressure the water of hydration
is lost with a gradual recovery of sweating.
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